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This  Quarterly  Technical  Summary  covers  the  period 
1 February  through  30  April  1977.  It  consolidates  the 
reports  of  Division  2 (Data  Systems)  and  Division  8 (Solid 
State)  on  the  Advanced  Electronic  Technology  Program. 
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D I V I S I O N 2 


INTRODUCTION 

This  section  of  the  report  reviews  protjress  during  tiie  period 
1 Fehruary  througli  50  April  197  7 on  Data  Systems.  Separate 
reports  describing  other  work  of  Division  2 are  issued  for 
the  following  programs: 

Seismic  Discrimination  ARPA/NMRO 

itistributed  Surveillance  ARI’A/IPTO 

Networks 

Education  Technology  Bureau  of  Mines, 

ARPA  'HRRO 

Network  Speech  I’rocessing  OSD-DCA 

Digital  Voice  I’rocessing  Al"  'KSD 

Packet  Speech  ARPA/lPTO 

Communications  A<laptive  ARPA  IPTO 

Internetting 

Radar  Signal  Processing  ARMV^BMDATC 

Tcclmologv 

Nuclear  Safety  Designs  NRC 


M.  A.  Merlin 
Head,  Division  2 

A.  .1.  Mcl  .auglilin 
Associate  Head 
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I.  INTRODl’CTION 

The  first  practical  circuit  fabricated  with  the  poIy-ox  isolation  process,  an  eight-bit 
serial  ^parallel  converter  designed  with  the  goal  of  accepting  a l-GIlz  bit  stream,  was  tested 
this  quarter  up  to  540  MHz.  Storage  and  readout  was  accomplished  in  a simulated  million-bit 
MNOS  capacitor  array  memory  chip. 

II.  APPLICATIONS 

A.  Serial-Parallel  Converter 

Several  runs  of  poly-ox  isolated  eight-bit  Serial  '^Parallel  converter  wafers  have  been  pro- 
cessed through  wafer  test.  Devices  from  two  wafers  were  packaged  and  performance  tested 
using  both  an  alternate  one-zero  and  an  eight  ones-eight  zeros  test  pattern.  A simple  evaluation 
circuit  consisting  of  a single  I)-master ''slave  flip  flop  operated  correctly  at  clock  frequencies 
to  980  MHz.  A converter  circuit  operated  correctly  to  540  lUHz. 

The  high-speed  test  pattern  generator  has  been  completed  except  for  delivery  of  a commer- 
cial gigahertz  pulse  generator.  This  system  can  apply  arbitrary  16-bit  test  patterns  to  the  con- 
verter at  clock  frequencies  as  high  as  800  MHz. 

B.  MNOS  Capacitor  Memory  Array 

Successful  storage  and  readout  has  been  accomplished  in  simulated  million-bit  arrays,  us- 
ing an  offehip  diode- resistor  partial  decoding  circuit  fabricated  from  discrete  components.  The 
array  has  256  capacitors  formed  by  0.2-  x 0.2-miI  intersections  and  768  larger  capacitors  which 
simulate  the  loading  of  a million-bit  array.  Considerable  capacitor  leakage  as  well  as  poor 
■junction  isolation  between  the  silicon  digit  lines  and  the  substrate  were  observed.  Extensive 
electrical  test  are  now  being  developed  to  determine  the  magnitude  of  the  problem  and,  in  con- 
junction with  examination  under  the  scanning  electron  microscope,  will  be  used  to  identify  pro- 
cessing steps  which  are  responsible. 

Experiments  were  performed  on  selection  schemes  which  use  two  series  MOS  transistors 
and  pullup  resistors.  Both  of  the  transistors  must  be  on  to  select  the  line  connected  through 
the  two  transistors  to  a selection  bus.  The  number  of  leads,  then,  which  must  be  controlled  is 
approximately  the  fourth  root  of  the  number  of  capacitors,  FET  gate-drive  levels  necessary 
for  switching  ± 30  V into  the  word  lines  were  established.  On  the  basis  of  these  tests,  an  arrav 
tester  was  designed  for  dynamically  accessing  MNOS  capacitors.  This  tester  will  serve  the  same 
function  as  the  present  manually  switched  diode-resistor  access  circuitry. 

III.  INTEGRATED  CIRCUIT  PROCESSING 

A.  Poly-Ox  Isolation  Processing 

Inversion  of  the  starting  substrate  below  the  spoiler  layer  has  been  eliminated  by  ion  im- 
plantation of  a thin  p-skin  prior  to  forming  the  initial  oxide  or  nitride  spoiler.  Two  further 
process  improvements  are:  (1)  use  of  a single  diffusion  for  both  poly  resistors  and  base  handles, 
and  (2)  elimination  of  masking  of  the  active-base  implant. 


Problems  have  been  encountered  due  to  a liiflb  defect  density  in  Itie  epitaxial  silicon  islands. 

A contribution  to  the  pi-oblem  is  silicon  surface  damage  from  the  buricd-colleclor  spin-on-glass 
procedure.  An  alternative  implanted  arsenic  process  is  being  investigated.  Moreover,  it  is 
possible  that  the  presence  of  polycrystalline  silicon  increases  the  tlefect  density  near  the  epi- 
poly  boundaries.  A mask  set  has  been  designed  to  test  this  hypothesis. 

n.  .Self-Aligned  Transistors 

Double-implanted  self-aligned  bipolar  tran.sistors  have  been  fabricated  with  base  widths  of 
3500  A,  betas  of  ~-t00  (7%  standard  deviation),  and  peak  f.j,'s  of  2.0  r.Hz.  A modified  implant- 
anneal  schedule  is  now  under  development  to  produce  narrow-basewidth  transistors  with  a 5-r.Hz 
f.p  design  goal. 

Interesting  data  have  been  recorded  regarding  long  (10-  to  100-hr)  500  C anneals  after 
emitter  and  base  implant.  The  results  suggest  inci-eased  breakdown  voltages,  lower  junction 
leakages,  and  tighter  distribution  of  electrical  parameters,  all  prcsumablv  due  to  lower  defect 
density  of  the  implanteil  silicon  due  to  this  anneal  as  indicated  by  recent  literature. 

C’.  Photol ithography  and  I’lasma  Etching 

Kxccs.sive  mask  damage  has  been  experienced  after  epi  in  the  poly-ox  processing.  Origi- 
nally thought  to  result  from  inadequate  spike  removal,  the  glass  mask  frai’tures  arc  too  numer- 
ous to  be  caused  solelv  by  epi  spikes.  Conceivably,  the  surface  roughness  of  poly  and  some 
"beak"  txTie  phenomena  also  contribute  to  this  effect. 

Aluminum  and  Al-Si-Cu  plasma  etching  experiments  have  begun.  Early  results  arc  encour- 
aging, with  rapid,  even  aluminum  removal.  The  Al-Si-Cu  etches  less  e\enly  and  the  .Si-Cu 
residue  remains  as  a dark  smut,  wliich  is  readily  removed  cliemicallv.  Considerable  work  is 
needed  to  fully  characterize  the  system  and  processing  parameters.  The  oxide,  nitride,  silicon 
plasma  reactor  is  fully  functional  providing  faster  and  more  uniform  etcliing. 

D.  Gate  Array  Processing 

The  limited  amount  of  gate  array  processing  which  took  place  during  this  period  was  directed 
towards  the  development  of  an  implanted  arsenic  emitter  transistor.  When  compared  to  the 
standard  diffused  pliospiiorous  emitter  process,  improved  control  of  f.j.  and  current  gain  among 
gate  array  devices  is  expecteci  since  ion  implantation  provide.s  precise  control  of  dopant  levels 
while  the  reduced  diffusion  coefficient  of  arsenic  will  permit  more  reproducible  diffusion  pro- 
files. Experiments  conducted  jointly  with  the  development  of  the  poly-ox  transistor  indicated 
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tliat  a 30-keV  implant  of  5 •'  | o arsenic  ions/cm"  followed  by  a 1000' f anneal  in  nitrogen 
would  produce  de\  ices  witli  cliaracteristics  similar  to  tliose  of  the  standard  gate  array  transis- 
tors. .Some  additional  optimization  is  required  before  tlie  implantation  process  can  be  fully 
adopted  for  fabrication  since  low  breakdown  emitter-base  junctions  are  occasionally  oliserved. 

IV.  DESIGN-,  ANAI.Y.SIS,  ANT)  TESTING 

A.  Integrated  Injection  l.ogic 

One  run  of  I^I.  gate  chains  has  been  made  using  essentially  our  ECE  process.  One  set  of 
devices  used  0.1-mil  minimum-space  design  rules.  Typical  measured  cliaracteristics  were: 
minimum  delay  per  stage,  10  nsec  at  50  pA  per  .gate  bias  current;  speed-pow'er  product,  0.3  pj; 


minimum  bias  t’Ui’iH'ut  to  switch,  4(iA.  'Hie  fan  out  of  these  circuits  was  limited  by  high  exti'in^ 
sic  base  slieet  resistance,  which  will  be  corrected  in  the  next  run. 

R.  Transistor  Testing 

The  facilities  for  transistor  testing  have  been  upgraded  by  the  design  of  a new  computer- 
controlled  bias  generator  using  a type  ADt  OS  Precision  Instrument  Amplifier  which  provides 
very  good  common  mode  rejection.  The  test  jig  used  in  our  f.j,  (gain-bar  i-.vidth)  test  set  has 
been  replaceil  by  a modifieil  RR  type  t<  07-P-4Z  grounded-emitter  transistor  mount.  An  older 
TO-51  transistor  mount  is  being  modified  to  allow  measurements  of  transistors  in  this  type  of 
package.  We  will  be  able  to  make  measurements  at  our  standard  100  Mil?.,  or  if  necessary,  at 
1.2  Gllz.  A digital  capacitam  e meter  has  also  been  incorporated  into  the  test  facility.  Some 
preliminary  measurements  of  i ollector  capacitance  as  a function  of  collector  current  have  been 
made. 

C.  Charge  Storage  and  ('onduction  in  Nitride  Films 

A physical  model  for  charge  .storage  and  conduction  in  thin  nitride  films  has  been  developed. 
Two  tvpes  of  charged  (when  empty)  traps  are  assumed  to  exist  in  the  nitride;  (1)  a deep  donor 
trap  ‘ ■ d positively  when  empt,  ),  and  (2)  a shallow  acceptor  trap  (charged  negatively  when 

er  nmtially,  the  donor  trap  acts  as  a recombination  center  for  holes  and  electrons  and 

' cap  acts  as  a Poole-Frenkel  trap  for  holes.  Conduction  in  the  bulk  of  the  nitride 
• -Frenkel  t\pe  and  due  to  holes.  Carrier  injection  at  the  contacts,  however,  can 
holes  or  electrons.  If  the  injected  carriers  are  electrons,  they  recombine  with  holes 
through  the  donor-like  recombination  centers  within  a short  distance  (*  10  .A)  of  the  injecting 
contact  so  that  dominant  carriers  in  the  bulk  of  the  nitride  are  holes.  Charge  storage  in  the 
nitride  takes  place  in  the  vicinity  of  the  injecting  contact.  The  sign  of  the  charge  stored  depends 
on  the  carrier  being  injected.  Flectrons  are  stored  in  the  donor  traps  and  holes  in  the  acceptor 
traps.  Oishcarge  of  stored  electrons  takes  place  by  donor  liole  capture,  i.e.,  hole-electron 
recombination.  Stored  holes  can  be  discharged  by  electron  capture.  However,  the  acceptor 
trap  is  sufficiently  shallow  that  field  detrapping  of  the  holes  is  most  likely  to  be  the  dominant 
mechanism  for  hole  ilischarge. 

I).  Circuit  Simulation 

Sl’lCF.2,*  a general-purpose  circuit  simulation  program  developed  at  the  Fniversity  of 
California  at  Berkeley,  has  been  installed  on  our  IBM  570/1  68  computer. 


I . W.  Nagel,  "SI’ICF2:  A Computer  Program  to  .Simulate  Semiconductor  Circuits,"  KRI. 
Memo  No.  F.RF-MS20,  rllectronic.s  Research  l.aboratory,  Vniversitv  of  California,  Berkeley 
(Mav  1975). 
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A ono-ycar  study,  in  con  junction  witli  tiio  ITtM  Watson  Rcscarcti  I aboratorv,  of  the 
effectiveness  of  a low-speed  online  data  collection  device  (Device  C'otipler)  has  been  successfully 
completed.  The  Device  Coupler  provides  a standard  interface  between  the  IRM  570  8 and 

familiar  diirilal  or  analogue  laboratorv  apparatus.  Dosiifned  to  operate  inline  with  a user's 
terminal  and  exploit  standard  terminal  software  support,  the  Device  Coupler  provides  the  re- 
searcher with  a simple  tool  for  collectinc  and  processintr  low-speed  (1  5-1-baud)  experimental 
data  and  for  controlling  low-speed  experiments  in  real  time.  In  addition  to  this  mode  of  opera- 
tion, the  Device  Cotiplcr  has  been  run  in  an  out-of-line  configuration  at  speeds  up  to  2400  liaud. 
Considerable  effort  has  gone  into  providing  lioth  software  and  interfai  ing  support  for  this  coti- 
figuration,  and  investigation  into  tlie  possiltilib'  of  sup|)orting  evcti  higher  data  rates  (4800  to 
9(00  baud)  is  under  way.  Currentlv,  tlu'rc  are  five  Device  Couplers  installed  in  various  labo- 
ratories, with  several  more  on  order. 

The  past  several  months  have  seen  a sharidv  increased  number  of  reiiuests  from  the  aser 
communitv  to  connect  a varietv  of  devices  to  the  central  computer.  These  requests,  which  have 
included  high-speed  terminals,  minicomputers  and  microcomputers,  and  the  abo\e-mentioned 
Device  Couplers,  have  sevcrelv  taxed  both  the  addressing  capacilitv  of  the  present  liardwarc  and 
the  throughput  capacitv  of  the  Communications  Controller  through  wliich  sucli  connections  are 
established.  A second  Communications  Controller  has  been  ordered  and  will  be  installed  earlv 
in  tlie  summer.  This  will  relieve  the  o\  erload  on  the  present  Controller  and  allow  outstanding 
re()uests  for  connections  to  be  satisfied.  The  addressing  limitation  is  a potentially  more  serious 
long-term  restriction,  and  an  investigation  is  under  wav  to  determine  the  most  cost-effective 
hardware  ^software  solution.  Considerable  soft'care  development  is  likelv  to  lie  necessarv  if 
costlv  hardware  upgrades  are  to  be  avoided. 

(n  response  to  an  upcoming  securitv  check  atifi  a revised  list  of  Dcpartmimt  of  Defense 
guidelines  for  classified  data  processing,  the  i omputer  facilitv  has  completed  a thorough  review 
of  its  procedures  for  handling  classified  work.  Although  a few  potential  loopholes  were  identi- 
fied and  closed,  in  the  maiti,  the  facility's  prai  tii'cs  were  in  conformance  with  recommended 
procedures.  The  computer  center  routinidv  operates  as  a controlled  area,  with  access  per- 
mitted onlv  to  those  cleared  I aboratorv  and  \endor  su|>port  personnel,  or  other  indi\iduals  under 
escort,  whose  presence  in  the  center  is  necessarv  to  the  operation.  .Ml  classified  work  is  pro- 
cessed in  dedicated  mode,  using  a special  -cersion  of  the  bati  h operating  system.  .'\  (tart  of  the 
procedure  for  bringing  up  this  dedicated  system  involves  the  physical  disabling  of  all  telepro- 
cessing equipment  or  other  devices  with  communications  capabilities  outside  of  the  controlled 
area.  The  initialization  procedure  has  been  modified  to  \erifv  that  all  such  devices  arc  indeed 
disabled,  and  to  inform  the  operator  if  thev  are  not.  Procedur<>s  for  hatidling  unclassified  out- 
put of  classified  runs  have  also  been  reviewed,  and  more  stringent  restrictions  placed  on  the 
release  of  such  output  to  users,  especially  in  the  case  of  magtietic  tapes  to  be  used  in  utnlassi- 
fied  operations.  Finallv,  both  internal  and  user  documentation  have  been  updatt'd  to  reflect 
current  practices  and  requirements. 
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I.  SOLID  Sl'ATL  DI-:VK'PJ  K KSK  AliO  1 1 

\ 0.1 -\.s  2 X i I'li’i't fooptio  wnvcf,'uide  switch  in  which  tho  power  isolation  in  both  switch 
St  itfs  can  he  electrically  optimized  has  been  demonstrated.  'I’ho  device  exhibits  up  to  25  dl) 
power  isolation  in  both  states  with  total  power  output  constant  to  within  s.0.3  <IH. 

The  p-n  lunction  location  in  douhle-hetcrostructure  (Dll)  O.aln.AsI’  Ini’  laser  diodes  was 
(h'termined  by  usiiu;  a scannini;  electi'on  microsco[)e.  ICven  thou{>h  undoped  or  Sn-doped  qua- 
teni.iry  layei's  .ari'  n-type  if  yrown  on  insul.atiiiH;  substrates,  the  quaternary  layer  in  tlie  j>rown 
Dll  is  p-type,  presumably  due  to  /.n  diffusion  from  the  /.n-doped  Ini’  capping’  layer. 

.\n  imi'Stin.'ition  of  the  proton  bombardment  of  Ini’  indicates  that  the  resistivity  of  n-type 
Ini’  can  be  incre  ised  only  to  a lev('l  of  about  10*  '.’-cm.  while  the  resistivity  of  p-ty|)e  Ini’  can 
be  increased  to  10  !?-cm  for  an  optimum  mu Itiph'-enerfjy  dose  or  an  optimum  combination  of 

dose  and  post-bombardment  .anne.al.  The  results  can  be  explaini'd  by  a model  which  assumes 
that  the  [u-oton  bomba rdnumt  creates  both  (h'ep  donor  .and  dc'ep  acceptor  levels. 

The  ion  implantation  of  So,  Si,  He,  Me,  t'd.  and  Le  in  Inl’  was  investigated.  Implantation 
of  Le  was  found  to  be  <|uite  effective  in  creatine  hieh  - resist!  vity  layers  in  n-type  Ini’.  A multi- 
enerey  Le  implant  in  n-[ype  Inl’  In  X cm  *)  followed  by  annealing  at  725  C for  15  min. 

yielded  Inyc'rs  with  a resistivity  ^'l  0 ‘ P-cni. 

\ high  distribution  coefficient  imputity,  identifi(>d  .as  silicon,  was  shown  to  he  a key  prob- 
lem in  achieving  the  goal  of  growing  liigL. -purity  Inl’  layers  by  liciuid-phase  e|ht.axy  (l.l’K).  We 
found  that  not  only  is  the  Si  concenti'.ation  of  .as-receiv('d  In  too  high,  hut  also  the  l.l’I-i  growth 
solution  can  be  contaminated  with  Si  through  direct  or  indirect  contact  with  quartz  if  a strongly 
reducing  gas  such  as  dry  11^  is  present  in  the  growth  tube. 

II.  tjl  ANTI  M LI.LCTKONICS 

.A  simple  mini.aUire  room-temperature  pulsed  Ndl’^O^^  laser  excited  by  a small  Ne  flash- 
lamp  has  been  made,  with  threshold  energies  of  a few  hundred  millijoules.  Output  energies  of 
■1.5  m.l  ivn-e  been  obtained  with  less  than  1 .1  inptit,  and  further  improvement  is  expected. 

Kfficient  second-linrmonic  generation  has  been  achieved  in  AgOaSe^-  Using  a 0(  laser 
with  a 0.5-nsec  pulse  length,  a second-harmonic  energy  conversi<'n  efficiency  of  33  percent 
was  observed. 

Th.-’  second  harmonic  generated  by  a CdOe.As,  crystal  pumped  by  a passively  tj-switched 
CO,  laser  has  been  sc.ittered  from  a remote  topographic  target  and  the  return  signals  detected. 
This  system  can  be  used  for  differential  absorption  measurements  of  the  concentrations  of 
atmospheric  constituents. 

Orating  tuning  of  tl.e  optically  pumped  0**CS  and  C,II,  lasers  has  been  demonstrated. 

13  “ 

Lrom  the  measured  53  laser  lines  of  the  O CS  laser,  the  hand  center  for  the  laser  transition 
has  been  determined. 

The  second  vibrational  overtone  absorption  spectrum  of  the  r.^  m<Kle  of  ^ lias  lieen  meas- 
ured using  a I -m  grating  spectrometer.  Only  a single  t}-hranch  transition  was  observed. 

Infrared  double-resonance  and  saturation  techniques  have  both  been  used  to  measure  the 
V-T  relaxation  of  the  r^  mode  of  ClljL  in  dilute  solution  in  the  cryogenic  hosts  liquid  (),  and 
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liquid  Ar.  With  the  double- resonance  tecluiiquo,  a relaxation  time  of  375  ± 35  nsec  was  found 
in  liquid  t),,  while  in  liquid  Ar  the  relaxation  time  was  1.30  ± 0.15  qsec.  An  induced  — 2r^ 
absorption  was  observed  in  the  double-resonance  measurement;  the  observed  anharmonicity  is 
in  good  agreement  with  the  gas-phase  literature  value. 

The  previously  developed  rotation-vibration  interaction  model  for  the  widths  of  two-photon 
resonances  in  liquid  media  has  been  used  in  an  analysis  of  recently  reported  results  for  the 
temperature  dependence  of  the  Kaman  linewidth  in  liquid  \,.  The  results  indicate  that  this 
process  contributes  significantly  to  the  observed  linewidths. 

Heterodyne  radiometry  with  blackbody  sources  was  used  to  determine  the  sensitivities  of 
Ca.As  Schottky-diode  submillimeter  receivers.  .At  500  pm,  an  NFH’  of  2X10  \\  Mlz  was 

measured  for  the  system. 


III.  MATEHIAI.S  RK.SEARCH 

■A  vertical  gradient-freeze  technique  has  been  developed  for  growing  single  crystals  of 
Ni-doped  MgF^  which  will  be  used  to  determine  whether  this  material  can  be  used  as  a tunable 
source  of  near-infrared  laser  radiation.  Crystals  of  excellent  optical  quality,  as  determined 
by  interferometer  evaluation,  have  been  grown  in  self-sealing  graphite  crucibles  in  a tungsten- 
element  resistance  furnace. 


To  asoist  in  the  development  of  near-infrared  lasers  and  detectors  utilizing  (ia  In  As  R 

^ X 1 -x  y 1 -y 

layers  lattice-matched  t ' tpl’  substrates,  the  alloy  compositions  of  such  layers  have  been  de- 
termined by  electron  microprobe  analysis,  and  the  emission  wavelengths  of  lattice-matched 

Ifl'  double-heterostructure  diode  lasers  have  been  measured  at  300  and  77  K. 

X 1 “X  y 1 "V 

Over  the  entire  lattice-matching  range,  the  composition  d.ala  are  well  i-epresented  bv  x - 0.40v  • 
0.067y  , and  the  laser  pluRon  energies  at  300  K are  given  by  hr  (e\'l  1.307  - 0.60y  * 0.03>-  . 


IV.  MICROEI.ECTROMCS 

The  optimum  channel -stop  implants  and  field  oxide  growth  conditions  have  been  determined 
for  the  MOS  transistors  which  will  be  part  of  the  static  shift  register  being  added  to  the  pro- 
grammable transversal  filter  to  control  the  binary  multiplication.  .An  optimum  value  for  channel 

doping  was  found  to  be  3.8  X 10*  cm  which  could  be  achieved  bv  implanting  boron  at  200  keV 
13-2 

at  a dose  of  I x lO  cm  . The  0.8-pm-thick  field  oxide  was  grown  by  a steam  oxidation  for 
4 hr  at  1000°C,  followed  by  an  I lOO'C  gate  oxidation  in  dry  plus  3'^.  IICI  for  18  min.,  followed 
by  .1  15-min.  anneal.  This  process  yielded  an  acceptably  small  flatband  voltage  of -4  V. 

Several  wafers  of  the  100-  x 400-cell  t't.'I)  imaging  devices  for  the  (lE(U)SS  (Ground  Electro- 
Optical  Deep  Space  Surveillance)  Program  have  been  fabricated  incorporating  an  integral  light 
shield  over  the  input  and  output  shift  registers.  .A  total  of  12  of  84  devices  have  passed  a DO 
probe  test  and  will  be  dynamically  evaluated.  Devices  which  pass  the  dviiamic  test  will  be  used 
to  assemble  a 2-chip  prototype  hybrid  imaging  array.  | 

A two-level  interconnect  system  has  been  developed  for  fabricating  hybrid  integrated  cir- 
cuits on  alumina  substrates.  Sputtered  aluminum  is  used  for  both  metallization  levels,  and 
insulation  between  levels  is  provided  by  either  sputtered  or  low-temperature  C'\  I)  SiO^.  Sub- 
strates for  two  complex,  multi -chi|)  hybrid  circuits  have  been  fabricated  by  this  process  - one 
an  8-bit  multiplier  utilizing  8 microprocessor  chips  and  the  other  a l6-chip  CCD  sensor  array. 

Rest  results  were  obtained  using  a C'VD  oxide  and  a 98.5To  alumina  substrate  polished  to  I - to 
2-u-in.  surface  finish. 
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A process  has  lieeii  developed  for  fahrientinf;  polyimide-memhrane  x - ray- lithot>raphy  masks 
w itli  memlirane  thicknesses  ranging  from  0.5  to  several  micrometers.  Thin  memhranes  are 
required  so  that  they  are  relatively  transparent  to  soft  x-rays.  The  process  |)ri«luces  large- 
area  rugged  x-ray  masks  suitable  for  use  at  the  n.3-.\  CU|  wavelength  ;is  wt>l!  as  at  the 
44.7- A and  H.34-.\  .Al|^  wavelengths. 

The  first  results  have  been  obtained  with  a new  acoustoelectric  surface-acoustic-wave  de- 
vice, the  integrating  correlator.  The  basic  operation  of  the  device  is  similar  to  a correlation 
receiver.  An  array  of  Schottky  diodes  held  in  close  proximity  to  a l.iMiO^  delay  line  provides 
mixing  of  two  counter-propagating  surface  waves,  and  each  diode  integr.ates  the  mixer  product 
over  time.  Integration  times  of  50  msec  or  more  have  been  achieved.  I'or  a device  with  a 
bandwidth  of  .30  \lllz,  this  provides  a potential  correlation  gain  in  excess  of  50  dli. 
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